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EX2!ERIMENTALINVESTIGATIONOF THEAERODYNAMICCHARACTERISTICS

OF AN AIR-TO-A3R

OFREacANm
MISSILEEMPLOYING

PLANFORMAT MACH

By MerrillH.

suMMARY

The aerodynamiccharacteristicsof

CRUCIFGRMWINGSJWOTAIL

NUMBERSOF 1.4 AND1.9 .-

Mead

.—

a modelof an air-to-airmissile ,-
employingvskiable-incidence”cruciformwingsof rectangularplanform .....
~d a fixedcruciformtailof rectangularplanform,and”thecha-racteri~--“- ..
ticsof itsbody-wingandbody-tailcomponents,as determinedfroma
wind-tunnelinvestigationforMachnumbersof 1.4and1.9, arepresented.
Theresultsincludenormal-force,pitching-moment,andaxial-forcedata
forthebody-wing-tail,body-wingsandbody-tailcombinations,andnormal-

“ force,hinge-moment,sndaxial-forcedatafortheindividualwingpanels.- -..
The investigationwas conductedat a constantReynoldsnumberof
1.51mfllionbasedon thewingchord. All theresults=e presented

. .
.4

in coefficientformplottedagainstWgle of attack.No discussionof
the-resultsis included.

-=

INTRODUCTION

Oneof themostpromisingdefensesagainitthehi@-altitude,hi@-
speedbomberis theair-to-airguidedmissflesTheneedfordeveloping
accuratemd reliableguidedmissilesbecomesincreasinglyimPort~tas
continuingadvancementsaremadein theperformanceof bomber-andattack-”‘“
typeaircraft.T@ problemsassociated.withtheaerodynamicdesignof
air-to-airmissilesareoftencomplicatedby physicalrestrictionsplaced
uponthesizeandshapeof themissileanditsvariouscomponentsto
facilitateitsstowageaboardsmallfighteror interceptoraircraft.
Paramountamongtheserestrictionsis usuallya limitationon thespan
of theliftingsurfaces.To reconcilethehigh-normal-acceleration
performancegenerallyrequiredof an air-to-airmissiletiththedesira-

L bilityof small-spanliftingsurfacesbecomesoneof themajorproblems
facingthemtssiledesigner.Oneapproachto a solutionto thisproblem

—..-
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2 NACARMA521u4

liesin theuse.of-low-aspect-ratiorectangularliftingsurfaces.The.
presentreportpresentstheresultsof a wind-tunnelinvestigation“of. _ 4
theaerodynamiccharacteristicsat Machnumbersof l.1+to 1.9 of one
suchmissileconfiguration.In orderto expeditepublicationof these””

..

data,no analysesor applicationsof.thedataareincludedin the -.

presentreport.

wingchord,feet

wing-hinge-moment

wingpanelland

—

NOTATION ‘

-+ .-7.

coefficient(based_ontheexposedareaof one .. .—

thewingchord)(’
winghingemoment

–- )

pitching-momentcoefficientaboutthsrnodelcenterof gravity
(basedon theexposedareaof twotiingpanels~d thewing

chord)
r

itchingmoment

)

-.

qsc

axial-force.coefficient(forcemeasuredparallelto bodylongi-
tudinalaxis,basedon theexposedareaof twowingpanels)

—.

(axialforce
qs )

wing-axial.force
panelp~alle’1

m

.

coefficient(componentof forceon onewing
to bodylongitudinalaxis,basedon theexposed”

areaof onewingpanel)
( )

wingaxialforce
qsl

normal-forcecoefficient(forcemeasurednormaltobodylongitu-
dinalaxis,basedon theexposedareaof twowingpanels)

.

( )normalforce
@ _ -.

wing-normal-forcecoefficient(componentof forceon onewing
panelnormalto bodylongitudinalaxis,basedon the ewosed

( )

wingnormalforcearea.ofonewingpanel) qs~

A

‘As usedin thisreport,thecompletecruciformwingis ccmposedof.fo!u?- ~ ~
wingpanels. <——.

.
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M Machnumber&

~ dynamicpressure,poundsper square“foot

R Reynoldsnumber

s exposedareaof

S1 exposedareaof

a angleof attack

twowingpanels,squarefeet

onewingpanel,squarefeet

of bodycenterline,degrees

b angleof incidenceof wingpanel(anglebetween
andthebodylongitudtialaiis),degrees _

~ angleof bsmk,degrees

3

●

-—

. .

thewingchord

— -...—

Thedirectionsof positiveforces,moments,andanglesare indicated _._:
in thesketchof figure1. .—

APPARATUS .

The investigationwas conducted’intheAmes6- by “6-footsupersonic ‘~
windtunnelat Machnumbersof 1.4and 1.9. mis wind tunnel iS a

closed-returri,variable-pressuresupersonicwindtunnelin whichthe
Machnumbercsnbe variedcontinuouslyfrom0.60to 0.93and from1.17 ““-

~-...

to 1.9. Thewindtunneland its
in detailin reference1.

MODEL

streamcharacteristic’sare.described

AND SUPPORT

Themodelinvestigated(fig.2) consistedof two setsof cruciform
liftingsurfacesmountedon a pointed,cylindricalbodyhaviiqga fineness”-
ratioof 16. The forward(wing)surfaceswereof rectsmgularplanform
withan aspectratioof 1.16basedon theexposedareaand span(exclud-
ingthebody)of twowingpanels. Thewingpanelswerecomposedof

..

symmetrical,double-wedgesectionswitha maximumthicknessof 3percent .
at 50”percentof thewingchord. Eachpanelwasmovableandwashinged
at the%-percent-chordstation.Withthetigs at zeroincidence,the
gapbetweentheinneredgeof eachwingand thebodywas apprbximateQ ‘ ‘
0.016-inch,or about1/10percentof thetingspan.

The rear(tail)surfaceswerealsoof rectangularplanformandhd
an aspectratioof 0.48. The tailptielswerefixedrigidlyto thebody “’
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andwereconstructedof 0.23-inchflatplatewithleadingandtrailing
edgesrounded.Provisionwasmadein thedesignof themodelfor

.- ......“a...= ~=
testingvariouscombinationsof themodelcomponentsseparately.tie “’ ~-..+
modelcouldthereforebe assembledas a body-wing-tailcombination,
a body-wingcombination,or a body-tailcombination. . ... .—

-:

All cbmponent”softhemodelwereconstrictedof steel>~th the . ‘.:‘-,;
exceptionof thedetachable,ogivenosesectionof thebodywhichwas
of aluminum.

. .

Themodelwas”mountedin thewindtunnelon a cantilever-beam-type
supportsting..Thedownstreamend o? the suw?ort. stiw ww pin connected -.

to two cross-streamsupportingmembers..:.D3$fe.renti?lmovement?! the.jw?
cross-streammemberspitchedthemodelin thehori%o@alPlaneof the ~- ~“..-

,:

windtunnelwithoutchangingits.relativeFositiontn thetunne~~.A bent ‘.--< ‘>.
support.stingwas employedin orderto obt?inan figle-of-attack.range..
of from-8° to +200.

.....=-.--. ---,- ..— .=,

MEASUREMENTSAND CORRECTIONS .--’

The.normalfurces,axialforces,andpitchingmomentson themodel
. .—.

weremeasuredby meansof a four-mmponent=electricalstrain-gage
---

balancecontainedwithinthebodyof themodel”.
—..-

Theelectricalunbal~ce - “ ~
of eachstrain”gage,.~der an applied lod~-”wasmeasuredW a record~w 7.

light-beamgalvanometers.
——.~.,— —

Flexure-typeJX-be= balancesmountedwithinthebodyof themodel
.

at eachwing-bodyjuncture(seefig.2) measuredthenotialforces;ax~al
forcesj andhinge momentson each individual ~ng panel. The general ... ....
arrangementof theX-beambalqnceis-shownin figure3. In operation,
thewingpanelis.mountedrigidlyon theti”n-gmountingblock,shofiii: -:- -..

,-n-

the sketch,by meansof.a”shortconnectings-haft.The loadappliedto
thewingis transferredthiough.thewingrnount~~gblock~d__b_e.~fle~re$. .“x-
to thebendingpe~.. Theappliedloadis thenre~.olvedtitofo~~force
vectorsparallelto thefom bendingbeams.~d thema~i~udesof ‘he - .-~..~
forcevectorsaremeasuredby meansbf electricalstraing%es mounted.... ...
on eachbendingbeam. Sincewe systemcanbe assumedto representa

--:.=

pin-connected,pin-loadedtruss,thefourm-easuredforcecomponentscan - ‘--T-
2Althoughtherolling-momentcomponentof thebalancewas operative

during the inves~igati.on,the~ed~~aare&Jt Pr%?en:edsinse~‘i}hihe ..--.....
exceptionof one seriesoftests}conditionsof symmet~yexis”ti~wh---
producednorollingmomentsonthemodel. ~ring thetestsof ‘he __.;~-.~
body-wing.combination,in whichthemodel.waspitchedthrou@ the —
angle-of’-attackrangeat..VaTiQus.lresetVgles of b-~ ‘all .r?11Sn6._ ~-~”~~~
momentswererecordedbut thesewerewithinthelimitsof precision
of therolling-momentcogrponentof theba~ce *d arethereforenot “- ......
presented.
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thenbe resolvedintotwoforces,normalandparallelto thebody
longitudinalaxis,anda momentaboutthehingeline. The compon~ts
of theappliedloadtendingto producesideforce,yawingmoment,and
rollingmomenton thewingaretransferredthrough.thewingmounting
blockand suitablerestraintflexuresto themodelbodystructureand
arenotmeasured.

The four-componentbalanceandtheX-beambalanceswerecalibrated
in theWnd tunnelperiodicallythroughoutthe_investigationby aPPl~g .:
lmownforcesandmomentsto themodel.

The sketchof themodelpresentedin-figure1 indicatesthe
directionof positiveforces,moments,sndanglesaccordingtothe sign ‘
conventionfollowedin thisinvestigation.It shouldbe pointedout,
however,thatforthetestsof themodelin a bankedattitude,themodel
was rolledaboutthefour-componentbalance,whichremainedfixed. Under”.
theseconditions,thenormalforcemeasuredby thefour-componentbalance
was in everycasethe componentin theplaneinwhichthemodelangle
o; attackwasvaried,regardlessof theangleof bank. Likewisethe
measuredpitchingmomentwas alwaysthecomponentof pitchingmoment
aboutsa axisthroughthecenterof gravityof themodelnormalto the
planein whichthemodelangleof attackwasvaried. Thetingnormal
forcemeasuredby theX-beambalances,on theotherhand,was always
thecomponentof normalforceon thewingactingnormalto theplane
throughthehingelineandthebodylongitudinalaxis. In otherwords,
thedirectionsof thewing-normal-forcevectorschangedwithboth
anglesof attackandbank,-whilethedirectionof thetotalnormal-
forcevector(measuredby thefour-componentbalance)changedwith
angleof attackbutwas invariantwithangleof bank. Notethatwhen.
thewingsweresetat an angleof incidencewithrespectto thebody,
thisarrangementresultedin measuredwingnormalforceswhichwere
normalnot h thewing-chordplane,but alwaysto theplanepassing
throughthehingelineandthebody-longitudinalaxis. ..

The effectsof smallstreamirregularities,knownto existin the
Ames6- by 6-footsupersonicwindtunnel(reference.1),on themeasured
aerodynamiccharacteristicshavebeenmifiimizedin thepresentinvestig-
ation by varyingthemodelincidencein thehorizontalpl~e of the
windtunnel,therebyutilizingthemostfavorableflowconditions.This
procedurelimitedtheadverseeffectsof streamirreml~itiesto ~he.
axialbuoyancyeffecton themodelresultingfroma longitudinalpress~e
gradientin thewindtunnel,an-da smalleffectiveangleof yawresulting
fromthe flowangularityin the’verticalplaneof thetindtwel (model
yawplsne). Themeasuredaxialforceswerecorrectedforthisbuoysmcy
effectby utilizingthe stream-surveydatapresentedin reference1. The
pressureat thebaseof themodelwasmeasuredthroughouttheinvestiga-. ‘ tionby meansof a liquidmanometerconnectedto threepressureorifices
at themodelbase. Themeasuredaxialforceswerethenadjustedto

. ..-.

--.

------
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..,.-
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correspondto free-streamstaticpressure

NACARMA52K14

actingon thebase. Theflow
deviationsin theverticalpke of thewindtu&el hada negligible
effecton theforcesandmomeritsmeasuredb-ythef&r-c&ponentbalfice,‘“---
sincethiseffectwouldhavemanifesteditselfprimarilyas changesin
theside-forceJ Ya~ng-momentjandro~ling-momentcharacteristics.of._ .
themodel. However;theeffectof thissmallangleof yawwas observed
in thewingnormalforcesandhingemomentsmeasuredby”theX-beam
balancesforthetwo-verticalwings=at zerobankahgle,andforall
fourwingsto a lesserextentwhenthemodelwas in a bankedattitude.
No correctionshavebeenappliedto thedataforthiseffect.

Theanglesof attackpresentedin theylotted”datahavebeen
correcte&fordeflectionof themodelunderloadwithdataobtained
fromdeflectioncalibrationsof themodel,balance,andsupportsystem
priorto thewind-tunneltests.

Deflectioncalibrationsof thevariable-incidencewingsindicated
that,forthersngeof loadsimposedon thewingsin thesewind-tunnel
tests,theangulard~flectionsof thewingpanelswerenegligible.

TESTS -.

Theinvestigation-S conductedin threephaseswhichiricluded
testsof thebody-ting-tailcombination,thebody-wingcombination,~~”

-,

thebody-tailcombination.Eachtestwas conductedat Machnumbersof
1.4and1.9at,aconstant-Re@oldsnumberof”l.51millionbasedon the
wingchord. The.angle-of-attackrage was from-8°to +20°in eachcase
exceptwherethestrengthlimitationsof thebalancereducedthemaximum
angle. Theinvestigationwas conductedas follows:. _ _... _

Body-Wing-TailCombination . .-

Withthemodelat zerobankangle,normal-force,axial-force,and
pitching-momentdatawereobtainedthroughthesingle-of-attackrane

~foranglesof horizontal-wing.incidenceof 0°,4°,7°,10°,and14 .

Body-WingCombination

Withthemodelat zerobankangle,normal-force,axial-force,and
pitching-momentdata,andforthehorizontalwings,wing-normalforce,

%s usedin thisreport,verticalandhorizontalwingsreferto the
componentsof thecruciformwingwhich’arein theverticalandhorizon-
talplaneswith,themodelat zerobankanglein a normalupri~t
attitudesndnotas mountedin thewindtunnel.

z“

.-
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—

_- .-

.

T-

*

—

.

—

.—

,.

.

.L

“s. —

.



NACARM A5~4 7

wing-axial-force,andwing-hinge-momentdatawereobtainedthrough
theangle-of-attackrangeforanglesof horizontal-wingincidence

—

of 0°, 40,70, 10o,and 14°.

Withthewingsat zeroincidence,correspondingforcesandmoments
weremeasured,includingwingforces”andhingemomentsforallfour
wings,throughtheangle-of-attackrangeforanglesof bankof 0°,
11-1/4°,22-1/2°,33-3/4°,and 45°9

Body-TailCombination

Withthemodelat zerobankangle,normal-force,axial-force,and
pitching-momentdatawereobtainedthroughtheangle-of-attackrange. .-

RESULTS

Thedataobtainedduringtheinvestigationhaveallbeenreduced
to standardNACAcoefficientform(asdefinedunderNotation), plotted
againstcorrectedangleof attack,andarepresentedin figures4
through9. In’orderto facilitatepublicationat theearliestpossible”
date,no discussionor analysisof theresultshasbeenincludedin the
presentreport. Notethattheresultsof eachtest,as presentedbelow,
includethedataobtainedat both1.4and1.9Machnumbersandat a
Reynoldsnumberof 1.51million(basedon thewingchord),whichwas
heldconstantthroughouttheinvestigation.It shouldbe notedalso

thatin presentingtheting~forceandhinge-momentdata,theindividud
wingpsnelsare identifiedby numberaccordingto theconventionshown
in the sketchof figure1. Withthemodelin an unbankedattitude,the
wingpanelsarenumberedfrom1 to 4 beginningtiththelefthorizontal
wingpanel(lookingupstreem)andproceedingin a clockwisedirection.
Eachwingpanelretainsitsidentifyhgnumberas themodelisbanked.

The normal-force, pitching-moment,andaxial-forcecoefficients
for thebody-wing-tailcombinationat zerobankangleareplotted
againstangleof attackforvariousanglesof horizontal-wingincidence .
in figuresh(a)and 4(b).

For thebody-wingcombination,thenormal-force,pitching-moment,
andaxial-forcecharacteristicsat zerobankangleandvariousanglesof
horizontal-wingincidencearepresentedin figures5(a)and 5(b). The
variationsof wing-normal-force,wing-hinge-moment,andwing-axial-force
coefficientswithangleof attack,for conditionscorrespondingto those
above,areshownin figures6(a)through6(d)forwingpanels1 and 3,
thehorizontalwingpanelsof thebody-wi~gcombination.The character-
isticsforbothpanelsshotidbe the same,of comse. Bothsetsof data
arepresented,however,to illustratetheaccuracyof thedata. Itwill

—
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be notedthat,in general,theagreementis goodforwingnormalforces
andaxialforces,but thatthewinghingemomentsshowconsiderable

.:._&“

disagreementin somecases(i.e.,at a Machnumberof”l.4).
—.

Presentedin figures7(a)and7(b)are the-normal-force,pitching-
moment,andaxial-forcecharacteristicsfor-thebody-wingcombination
withthewingsat 0° incidenceandthemodelat variousanglesof bqnk.
Thewing-forceandhinge-momentcoefficientsat.thesetestconditions : “ -
areplottedagainstangleof a’ttackin figures8(a)through8(h)for-— ._—
eachof the fourwing panels.. -. :x—. -. . .--. .— _

NormaI-forc~;pitching-moment,-andh.xkl-forcecoefficientsforthe
body-tailcombinationarepresentedin figures9(a)and9(b). —

Normal-forceandpitching-moment.data=forthebodyalonehavebeen
—

obtained,fora Machnumberof.1.4~duringa previousinvestigation&d ““”””;’“-
arepresentedin reference2.

-w,.=.__.. .

AmesAeronauti’celLaboratory .— —.._
NationalAdvisoryCommitteeforAeronautics ._

MoffettField,Calif. .-.

RE-NCES -.——.-.

1. Frick,CharlesW., andOlson,RobertN?: FlowStudiesin.the :“..
Asymmetric”Adjustable.Nozzleof theAmes6- by 6-FootSupersonic

.-.-

WindTunnel. NACARMA9E24,1949.
.,,—

2. Edwards,S. Shemnan:Experimentaland_!J!beoreticalStudyof Factors .
Influencing,theLongitudinalStabilityof an Air-to-AirMissile
at a MachNumberof 1.4. NACARMA7i_J19,1952.
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Model bob structure (typ,)

Side - force, yawing - moment, and

/

I rolling - moment restraint flexure (fyp.)
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I ~1’ 1

1, 1 1
11 I

Mf19 # +ifl ]_W7ng mounting block

~Bendinq beam (typ.) U

-+)--
1,

—

i- Bending- beam fiexl??e (t..P.)

Fgure 3.- Generol arrangement of the X - beom baiance.
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Normol-force coefficient, Cz Pitching-moment coefficient, Cm Axiol - force coefficient, Cx

(o) Mach number, i, 4,

Figure 4.- Normal- force, pitching - moment, and axial- force characteristics of the body - wing - tail
Combinations at O“ bon& ang/e for various angles of, horizontal-wing incidence, 6.
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Normal- force coefficient, Cz Pitching - moment coefficient, Cm Axial -force coefflclent, Cx

(b) Much number, 1.9.

Figure 4,- Concluded.
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Normal- force coeKklti, “ca Plfching-moment coefftcien~ Cm Axial - force coefficient, Cx
(a) Mach number, L4,

figure 5.- Normol-force, pitching-moment, and axial-force characteristics of the body-wing combination
at 0“ bank angle for varkws angles of horizontal-wing incidence, 6.
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Normal-force coefficient, c= Pitching-moment coefficient, Cm Axial-force coefflclen~ Cx

(b) Mach number, f. 3

figure 5.- Concluded,
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(a) Wing panel i; Mach number, 1.4
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Wing - normal- fOEe, hinge -moment, ond axial-force characteristics for wing panels I and 3
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Wing-normal-force coefficlenf, C5W H7ng-hinge-moment coefficient Cb Wing- axial- force coefficient C’w
(c) Wing panel 3; Mach number, f. 4,

Figure 6.- Continued.
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Wing-normal- force coeffiden?, Czv

(d)

Wihg-hinge-moment coefflcien( ChW: Wing- oxlol-force coefficient, CXW

Wing panel 3; Mach number, 1.9,

Fi@ure 6.- Concluded,
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Mvmal-force coefflcienf, Cz Pitching -moment coefficient, Cm Axial - force coefficlen~ CX

(a) Mach number, L 4.
Fgure Z- Normal- fofce, pitchihg ‘moment, ond oxiul - force choracferistics of the body- wing combination
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Normal-forca coefficient, Cz Plfchlng - moment coefficient Cm,

(b) Much number, 1.S?

Figure 7.- Concluded.
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Wing- normal- force coefficient, CZW Wig - hinge - ‘moment coefficient, Chw Wing- axial- force coefffclent, Cx
(d Wing pond 1; Much number, L 4 w

Figure 8.- Wi~ - normal- force, hinge -moment, ond axial- force characteristics for all wing panels
of the body - wing combinafrnn with 0° wing incidence at various angfes of bank., #.
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Wfng-normal-force coefficient, Czw Wing-hinge- moment coefficient, Chv Wing- oxfal -force coefficlem’, CXW

(b) Wing panel 1; Mach numbi?r, 1,9,

F@ure 8.- Continued.
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Wing-nermal-force coefflcien~ CZW Wing- hinge-moment coefficient, Chw Wing- axlat -force coefficient, C~

(d) Wing panel 2; Mach number, 1,9,

Figure 8.- Continued.
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Wing-normal- force coefflcknt, CZW Wng-hinge - moment caefficlent, Chw Mng- uzlol - force coefficient, ~W

(e) Wing panel 3; Mach number, 1.4.

Figure 8.- Continued.
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